We evaluated the minimal molecular and cellular requirements for elicitation of anti-vesicular stomatitis virus (VSV) cytotoxic T lymphocytes (CTL). The results indicated that lipid vesicles containing the purified major surface glycoprotein of VSV (G protein) and purified H-2Kk glycoproteins elicited specific H2Kk-restricted anti-VSV CTL. These antiviral CTL were shown to be Ly l-,2+. However, both Ly 1+,2-and Lylr,2+ T-cell subpopulations were shown to be required for elicitation of these CTL.
required for elicitation of these CTL.
Establishment of the minimal molecular requirements for elicitation ofcytotoxic T lymphocytes (CTL) has been an important goal in the study of viral and tumor immunology. Incorporation ofcell surface membrane components into artificial lipid vesicles has provided a means to investigate these questions (1, 7). Finberg et al. (2) and Loh et al. (8) have shown that H-2-restricted secondary antiviral effector cells can be elicited only when partially purified viral antigens and partially purified H-2 glycoproteins of the haplotype syngeneic to the virus-primed spleen cells are incorporated together into the same liposome. The resultant antiviral CTL lyse only target cells possessing viral and H-2 antigens identical to those incorporated into the eliciting liposomes. Because purified viral and H-2 preparations were not used in these reports, it has not been conclusively established whether the serologically defined H-2K or H-2D antigens in association with the viral antigen are the sole requisites for the elicitation of antiviral CTL. In this communication, we have purified the major surface glycoprotein (G) protein of vesicular stomatitis virus (VSV) and the H-2Kk glycoprotein of YAC tumor cells and, by incorporating them into unilamellar phospholipid vesicles, have elicited anti-VSV CTL specific for virus-modified H-2K*-bearing target cells. We have further shown that both Ly 1+ and Ly 2+ T-cell subpopulations from VSV-primed spleen cells are required for elicitation of these CTL.
(These results were presented in part at the meeting Liposomes and Immunobiology, Hous Virus. Stocks of VSV Indiana were prepared as described previously (3, 12, 13 Cytotoxic assays. Cytotoxic cell-mediated lysis was assayed, and the percentage of specific release was calculated as described previously (3, 8, 11) . RESULTS Liposomes containing purified VSV Indiana G and H-2K" glycoproteins were formed as described previously (8) . These liposomes contained both the purified H-2K* molecules (heavy chain of 45,000 daltons and light chain of 12,000 daltons) and the purified Indiana G protein (69,000 daltons) (Fig. 1 ).
These biochemically defined reconstituted vesicles were then tested for the ability to elicit anti-Indiana VSV CTL in vitro. The results indicated that after stimulation with Indiana G-H-2Kk liposomes, spleen cells from mice primed with Indiana VSV 4 to 6 weeks previously became capable of recognizing and lysing only Indiana VSV-infected target cells which also had the H-2K" haplotype ( Fig. 2 and Table 1 ). Uninfected target cells were never susceptible to lysis by these anti-VSV effector cells (Fig. 2) .
To characterize the anti-Indiana VSV effector cell population elicited by Indiana G-H-2K* liposomes, cells were treated with either anti-Thy 1.2, anti-Ly 1, or anti-Ly 2 sera in the presence of guinea pig complement ( Table 2 ). The results indicated that the secondary anti-VSV effector cells elicited with Indiana G-H-2Kk liposomes were Thy 1.2+, Ly 1-, and Ly 2+. These findings are consistent with the results of previous studies of the surface antigens of antiviral effector cells elicited in vivo (3, 8) .
The Ly phenotype of the T precursor cells elicited with G-H-2K liposomes was also evaluated (Table 3) and anti-Ly 2-treated populations were mixed at different ratios, the ability of G-H-2Kk liposomes to elicit anti-VSV CTL returned (Table  4 ). This result suggests that both Ly 1+ and Ly 2+ cells are required for effective elicitation of secondary anti-VSV CTL in this system. (10) .The H-2K and G molecules were purified as described in the text, and each fr-action was analyzed for purity, on sodium dodecyl sulfate-polyacr-ylamide gel ekectrophoresis and detected by autoradiography (6 containing liposomes at optimal amounts elicits a good secondary H-2k anti-VSV CTL response; however, G-H-2d liposomes incubated with VSV-primed H-2d spleen cells elicit a response approximately 50 to 100 times better (Ruebush et al., in press).
DISCUSSION
These results answer several fundamental questions concerning the interaction of viral antigens and T cells. Elicitation of antiviral CTL requires only that the viral antigen of interest and the H-2 antigen homologous to that of the primed animal be incorporated together within a single lipid matrix. This requirement defines a miniimal physical association. That is, the G protein and the H-2Kk glycoproteins must be within the same lipid bilayer. Another implication of this work is that cell surface factors (i.e(k, k) (k, d) (d, d) (b, b) (cell) BALB/c BALB.B BALB-K B10-A C3H.OH (k,k) (d, d) (b, b) (k, k) (k, d) (d, k) G
